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Claim 



Magnetron sputtering device characterized by the following facts: at least one magnetron 
type cathode and at least one substrate are arranged in a vacuum chamber; two or more magnet 
pairs, each of which has a magnet S pole (or N pole) with a fan-shaped, triangular, or trapezoidal 
cross section arranged [at the center] and an N pole (or S pole) arranged equidistant around the 
periphery of said S pole (or N pole), are arranged in at least one cathode at equal intervals on a 
circle that is concentric with the central axis of a target; and the magnet pairs can rotate around 
the central axis of the target. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a type of magnetron sputtering device. 



Japanese Kokoku Patent No. Sho 53[1978]-19319 disclosed a conventional magnetron 
sputtering device. Figure 5 shows the cathode part of this magnetron sputtering device. 

In this figure, (1) represents a cathode main body in which magnet pair (3) and yoke (2) 
are fixed; (4) represents a backing plate on which target (5) is fixed; and (6) represents a pipe in 
which cooling water flows in order to cool off said magnet pair (3) and target (5). 

In the following, the operation of the aforementioned device will be explained. First, 
chamber (8) is evacuated to a vacuum degree of about 10~ 6 torr with a rotary pump, oil diffusion . 
pump, etc. Then, Ar gas is fed into the chamber to raise the pressure to about 5 x 10* 3 torr. A DC 
or RF voltage is applied to cathode main body (1) from a power supply. In this way, a plasma is 
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generated in chamber (1 1). As a result, Ar ions are generated. Also, a portion (10) with a high 
plasma density is generated by the magnetic field (9) of magnet pair (3), and the amount of Ar 
ions that collide with target (5) is increased. The particles are emitted mainly from the 
aforementioned portion and are deposited on substrate (7). Subsequently, target (5) is reduced as 
shown in Figure 5. 

Figure 6 shows the distribution of the film thickness in a case where the target has a size 
of 6 in and the distance between the target and the substrate is 60 mm for the aforementioned 
device. As can be seen from the figure, the region having a [film thickness] distribution within 
±10% that can be used as a normal substrate has a diameter of 82 mm. In this case, the size of the 
target is 6 in. 

Problems to be solved by the invention 

As described above, the distribution of the film thickness within ±10% is obtained only in 
a portion that is about half as large as the target. As a result, the number of elements that can be 
arranged on the substrate is reduced. Consequently, mass production becomes difficult if the 
number of elements is not increased. 

The purpose of the present invention is to improve the distribution of the film thickness 
by modifying the magnets installed in the cathode. 

Means to solve the problems 

In order to realize the aforementioned purpose, the present invention provides a 
magnetron sputtering device characterized by the following facts: two or more magnet pairs, 
each of which has a magnet S pole (or N pole) with a fan-shaped, triangular, or trapezoidal cross 
section arranged at the center and an N pole (or S pole) arranged equidistant around the 
periphery of said S pole (or N pole), are arranged on a yoke in a cathode at equal intervals on a 
circle that is concentric with the central axis of a target; and the magnet pairs can rotate around 
the central axis of the target. 

Function 

The functions of this technical means will be explained in the following. Since a region 
on a target with a high plasma density can be formed between the N pole and S pole of a magnet 
pair, the particles of the target can be emitted out from that region. When a magnet pair is set at a 
position that is away from the central axis of the target and toward the periphery, the region with 
a large film thickness is shifted from the central axis of the target toward the periphery. Also, 
when the magnet is rotated, a region with a large film thickness can be formed in the shape of a 
circle that is concentric with the central axis of the target. 
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Since the region with a small film thickness overlaps on the substrate that is set right 
above the center of the target, the film thickness in this region will, in fact, be larger than that of 
the region that is believed to have the largest thickness in the distribution of the film thickness. In 
this case, however, the distribution of film thickness is obviously better than that produced by the 
conventional method. 

When the number of eccentric magnet pairs is increased, the overlapping ratio of the 
region with a small film thickness at the center of the target is smaller than the overlapping ratio 
of the region that is assumed to be thick compared with the case in which only one magnet pair is 
used. Consequently, the distribution of the film thickness is better than that in the case when only 
one magnet pair is positioned off center and rotated. 

Application example 

In the following, the magnetron sputtering device disclosed in an application example of 
the present will be explained with reference to figures. 

Figure 1 shows the cathode part disclosed in an application example of the present 
invention. In Figure 1(a), (21) represents a cathode main body in which magnet pairs (23) and 
yoke (22) are fixed; (24) represents a backing plate on which target (25) is fixed; and (26) 
represents a pipe in which cooling water flows in order to cool off said magnet pairs (23) and 
target (25). Figure 1(b) is a top view of magnet pairs (23) and yoke (22). As can be seen from 
this diagram, magnet pairs (23) are arranged at equal intervals on a concentric circle with the 
same pitch with respect to the central axis of target (25). 

In the following, the functions of a cathode with the aforementioned configuration will be 
explained with reference to Figures 3 and 4. 

In the case when two magnet pairs (23) are arranged below target (25), the distribution of 
the film thickness obtained by magnet pair (12) is shown by (15), and the distribution of the film 
thickness obtained by magnet pair (13) is shown by (14). The distribution obtained by 
overlapping the aforementioned two distributions is shown by (16). (17) represents the 
distribution when a magnet pair is arranged concentric with the target, that is, when the magnet 
pair is not positioned off center. The distribution obtained when two magnet pairs are positioned 
off center is better than that obtained when one centered magnet pair is used because of the 
interaction between the two different distributions of film thickness. Figure 4 shows the 
relationship between the number of magnet pairs and the region where a distribution of the film 
thickness with ±10% can be obtained when the number of magnet pairs is increased. The vacuum 
degree is 5 x 10" 3 torr, the distance between the substrate and the target is 60 mm, and the 
eccentricity of the magnet pair is 50 mm. 
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As can be seen from Figure 4, compared with the case when the magnet pair is not 
positioned off center, the region with a distribution of film thickness within ±10% increases as 
the number of eccentric magnet pairs is increased. When 5 magnet pairs are used, the 
aforementioned region is increased by about 75% compared with that in case A when only one 
centered magnet pair is used. This effect is realized by the fact that fan-shaped magnet pairs are 
arranged at equal intervals on a concentric circle. The data in the case when circular magnet pairs 
are arranged as shown in Figure 2 is indicated by point B in Figure 4. It can be seen that the 
fan-shaped magnet pairs can realize a better distribution of film thickness than the circular 
magnet pairs. 

As explained above, according to the present application example, when 5 fan-shaped 
eccentric magnet pairs are arranged at equal intervals on a circle that is concentric with the 
central axis of the target, the distribution of the film thickness can be improved by about 75%. 

Although 5 magnet pairs are used in the present application example, the same effect can 
be realized as long as two or more magnet pairs are used. Also, either the N pole or the S pole 
can be arranged at the center. The magnet pair can also be shaped like a triangle or a trapezoid 
with the acute angle facing the center of the target. 

Effect of the invention 

As explained above, when two or more magnet pairs in the cathode part are positioned 
away from the center of a target and toward the periphery, the distribution of the film thickness 
can be improved. Also, if the magnet pairs are rotated around the central axis of the target, the 
efficiency of the target use can also be improved. In addition, since plural magnet pairs are used, 
the film forming rate is higher than that in the case when only one magnet pair is used. 

Brief description of the figures 

Figure 1(a) is a cross-sectional view illustrating the cathode part in a magnetron 
sputtering device disclosed in an application example of the present invention. Figure 1(b) is a 
top view illustrating the part of the magnet pairs shown in Figure 1(a). Figure 2 is a diagram 
illustrating a comparison example of using circular magnet pairs. Figure 3 is a diagram 
explaining the mechanism for improving the distribution of the film thickness. Figure 4 is a 
diagram illustrating the distribution of the film thickness when the number of the eccentric 
magnet pairs is changed. Figure 5 is a cross-sectional view illustrating a conventional example. 
Figure 6 is a diagram illustrating the distribution of the film thickness in the conventional 
example. 
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Key: 1 Distance from the center of the substrate within which a distribution of the film 
thickness within ±10% can be obtained (mm) 
2 Number of magnet pairs (number) 




Figure 5 
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ABSTRACT : 

PURPOSE: To improve the utilizing efficiency of a target, film thickness 
distribution and film forming speed by mounting plural pieces of magnet 
pairs of a cathode part eccentrically from the center of the target 
toward the outside peripheral direction. 

CONSTITUTION: The magnetron type cathode and substrate are provided 
in a vacuum chamber. The plural magnet pairs 23 are disposed at equal 
intervals to the cathode 21 on the same pitch circumference concentrical 
with the central axis of the target 25. The magnet pairs 23 are magnet S 
poles (or N pole) having a sectorial, triangular or trapezoidal 
sectional shape and the N poles (or S poles) disposed at equal intervals 
on the outside periphery thereof. The magnets are rotated around the 
target 25. 
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